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High-field magnetic torque measurements were carried out in the spin gap system
(CH3)2CHNH3CuCl3. It was observed that the magnitude of the magnetic torque τ is al-
most zero until the critical field and then increases rapidly, which indicates the existence of
the magnetic quantum phase transition from the spin-gap phase to the field-induced magnetic
ordered phase. From the temperature dependence of the magnetic torque τ , the cusp-like min-
imum indicative of the Bose-Einstein condensation (BEC) of magnons was observed for H ⊥
C-plane, while the kink-anomaly was observed for H ⊥ A-plane at the field-induced transi-
tion temperature. It was found that this different behavior between H ⊥ A-plane and H ⊥
C-plane can be interpreted as the breaking of the magnon BEC picture due to the rotational
symmetry breaking. The additional anomaly was also observed in the field-induced magnetic
ordered phase at the intermediate angle of the applied magnetic field in the A-plane and dis-
cussed in terms of the spin-flop transition, the spin-reorientation transition and the spin-lattice
correlations. In order to investigate the spin-lattice correlations in (CH3)2CHNH3CuCl3, we
performed the magnetostriction measurements and observed that the magnetostriction appears
by vanishing of the spin gap.
KEYWORDS: (CH3)2CHNH3CuCl3, spin gap, field-induced magnetic ordering, Bose-Einstein condensa-
tion of magnons, anisotropy, high-field magnetic torque measurement, magnetostriction
measurement
1. Introduction
The field-induced magnetic ordering of spin gap sys-
tems has attracted much attention from the viewpoint of
the quantum phase transition between the nonmagnetic
disordered phase with spin gap and the magnetic ordered
phase which can be interpreted as the Bose-Einstein con-
densation (BEC) of magnons.1
The title compound (CH3)2CHNH3CuCl3 (abbrevi-
ated as IPACuCl3) is the spin gap system. By means
of the magnetic susceptibility measurements, the magni-
tude of the excitation gap ∆ was estimated as 17.1 ∼ 18.1
K in IPACuCl3.
2 From the viewpoint of the crystal struc-
ture, the origin of the spin gap was expected to be the
S = 1
2
ferromagnetic-antiferromagnetic alternating chain
along the c-axis.2 However, quite recently, it was sug-
gested that this system should be characterized as the
spin ladder along the a-axis with the strongly coupled
ferromagnetic rungs, namely the antiferromagnetic chain
with effective S = 1, and the excitation gap ∆ was re-
estimated as 13.6 K by means of the neutron inelastic
scattering experiments.3 By means of the high-field mag-
netization processes, it was observed that the magneti-
zation is almost zero until the critical field normalized
by the g-factor Hc = 10.4 T due to the gapped singlet
ground state, and then increases with no anomalies and
saturates at around Hs = 44 T with increasing magnetic
field.4
When a magnetic field is applied in spin gap sys-
∗E-mail address: gotoo-t@sophia.ac.jp
tems, the excited triplet states split due to the Zee-
man interaction so that the energy gap ∆ is suppressed.
Consequently, the energy gap ∆ closes at the field Hg
corresponding to the energy gap. For H > Hg, the
ground state becomes magnetic and the system can un-
dergo the magnetic ordering with the help of the three-
dimensional interactions. This is the mechanism of the
field-induced magnetic ordering of spin gap systems.
Such field-induced magnetic ordering has been actually
observed in IPACuCl3 by means of the specific heat mea-
surements.5 The normalized critical field by the g-factor
corresponding to the transition field at T = 0 K was es-
timated as Hg = 10.1 T by extrapolating the obtained
phase boundary. The Hg corresponds to the Hc esti-
mated in the high-field magnetization processes.4
As mentioned above, the field-induced magnetic order-
ing can be interpreted as the BEC of magnons. However,
the magnon BEC picture is only applied to spin gap sys-
tems in which there is rotational invariance for the di-
rection of the applied magnetic field in order to conserve
the number of magnons.1 This means that the existence
of the anisotropy affects the property of the field-induced
magnetic ordering, namely whether or not the ordering
can be interpreted as the magnon BEC.
Recently, it was found that the excited triplet states
already split at zero field due to the easy-axis-type fic-
titious single ion anisotropy D∗ caused by the dipole-
dipole interaction and the anisotropic exchange interac-
tion between ferromagnetically coupled two S = 1
2
spins
in IPACuCl3.
6, 7 Hence we can expect that the anisotropy
1
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affects the field-induced magnetic ordering in IPACuCl3.
In this paper, we report the results of the investiga-
tion of magnetic properties at high magnetic fields in
IPACuCl3 by means of the magnetic torque measure-
ment, which is quite sensitive for magnetic properties
related to the anisotropies so that this measurement has
been carried out for the investigations of magnetic phase
transitions, such as the spin-flop transition, in many
magnetic systems. We also measured the magnetostric-
tion for high magnetic fields in order to discuss the spin-
lattice correlations in IPACuCl3.
2. Experimental Details
The single crystals of IPACuCl3 were prepared by dis-
solving (CH3)2CHNH2 · HCl and CuCl2 in isopropyl al-
cohol.2 The solution was slowly evaporated at 30 ◦C over
two months. The crystals with three orthogonal surfaces
were obtained. We call these three planes as A-, B- and
C-planes. The definition of these planes is shown in ref.
2. It was reported that the space group of this system is
triclinic P 1¯.2 The relation between these planes and the
crystal axes are determined as that the c- and b∗-axes
are perpendicular to the A- and C-planes, respectively,
and the a-axis make an angle of ∼ 10◦ in the C-plane
with the direction perpendicular to the B-plane.8, 9
The magnetic torque was measured using a cantilever
beam torque meter.10 The capacitor consists of a circu-
lar moving Be-Cu electrode suspended by a narrow beam
and a rectangular fixed Cu metal ground plate. They
are surrounded by a small metallic case for the capaci-
tive guard. A single crystal with 1 × 1 × 0.5 mm3 was
used for the magnetic torque measurements. The used
single crystal was fixed on the moving electrode with a
small amount of grease. The amplitude of the torque is
obtained by measuring the capacitance with the use of
a lock-in amplifier and a capacitance bridge. Figure 1
shows the schematic picture of the used unit with sam-
ple. The sample mounted on the moving electrode is only
rotated about the rotation axis of moving electrode so
that the magnetic torque τ parallel to the rotation axis
is only detectable, namely the component of the mag-
netic torque perpendicular to the rotation axis cannot
be observed. The measurements were carried out down
to 0.4 K in magnetic fields up to 14.5 T using the 15
T-SM superconducting magnet with 3He refrigerator at
High Field Laboratory for Superconducting Materials,
Institute for Materials Research, Tohoku University.
The magnetostriction was measured by the strain
gauge method using the relation of κ∆L/L = ∆R/R
(κ = 2.1, L = 2 mm, R = 118 Ω). The gauge was glued
onto a surface of the single crystal with 3 × 6 × 15 mm3
by the grease. The field dependence measurements were
carried out using the 12 T superconducting magnet set-
tled in Department of Physics, Sophia University.
3. Results and Discussion
3.1 Magnetic Torque Measurements
Figure 2 (a), (b) and (c) show the representative pro-
files of magnetic field dependence of the magnetic torque
τ in IPACuCl3 at various temperatures for H ⊥ A-,
B- and C-planes, respectively. We observed the induced
co-axial cables
lower fixed 
electrode (Cu)
upper moving
electrode (Be-Cu)
guard case
to capacitance bridge
H
AB
C
rotation axis
(⊥ B-plane)
(⊥ C-plane)
Fig. 1. Schematic picture of the unit with sample of IPACuCl3
used for the magnetic torque measurements. In this configura-
tion, the magnetic field is applied perpendicular to the C-plane
and the magnetic torque projected to the direction perpendicular
to the B-plane can only be detected.
magnetic torque τ with positive for H ⊥ A- and B-
planes, while that with negative for H ⊥ C-plane. Be-
cause the crystal structure of IPACuCl3 is triclinic, the
crystal axes and the principal axes of anisotropy ten-
sor do not correspond to the three orthogonal surfaces
of crystal A-, B- and C-planes so that it is difficult to
obtain the information of these axes from the shape of
the used crystal and the obtained data only for H ⊥
A-, B- and C-planes. Hence, for simple comparison, the
absolute value of the magnetic torque τ is plotted for
H ⊥ C-plane. As shown in Fig. 2 (a), (b) and (c), the
magnitude of magnetic torque is almost zero until the
critical field Hc, and then increases rapidly with increas-
ing magnetic field. Also, the rapid increase is broadened
so that the magnetic torque τ begins to evolve at the
smaller critical field with increasing temperature. When
the magnetic field H is applied with the angle θ between
H and the principal axis of anisotropy ξ, the induced
magnetic torque τ is expressed as
τ = −
∂F
∂θ
= −
1
2
(
χ‖ξ − χ⊥ξ
)
H2 sin 2θ
= −
1
2
(
M‖ξ −M⊥ξ
)
H sin 2θ (1)
where χ‖ξ and M‖ξ are the susceptibility and the mag-
netization for H ‖ ξ, and χ⊥ξ and M⊥ξ are the suscep-
tibility and the magnetization for H ⊥ ξ, respectively,
and F is the free energy. Note that the anisotropy ener-
gies are not considered in eq. (1). We can expect from
eq. (1) that the magnetic torque τ is induced when the
magnetization emerges because there is the anisotropy
of the g-factors g⊥A, g⊥B and g⊥C , which have been al-
ready estimated as 2.11, 2.06 and 2.25, respectively, in
IPACuCl3.
6 Also, the fictitious single-ion anisotropy D∗
perpendicular to the B-plane exists6, 7 and the princi-
pal axes of g tensor correspond with neither the crystal
axes nor the three orthogonal A-, B- and C-planes8 so
that it is quite difficult to determine the easy-axis of
whole anisotropy in this triclinic system. Because the
critical field Hc, at which the rapid increase of mag-
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Fig. 2. Representative profiles of magnetic field dependence of the magnetic torque τ in IPACuCl3 at various temperatures for H ⊥ (a)
A-plane, (b) B-plane, (c) C-plane, respectively. The detectable component of torque is also shown in each figures. The absolute value
is plotted for clearer comparison because the induced magnetic torque τ is negative for H ⊥ C-plane. The insets show the second-field
derivatives of magnetic torque d2τ/dH2 at various temperatures in IPACuCl3. Hc and HN(T ) denote the critical field corresponding
to the spin gap4 and the transition field for the field-induced magnetic ordering determined from the field dependence of second-field
derivatives of magnetic torque d2τ/dH2 (see in the text). (d) The obtained H-T phase diagram of IPACuCl3 where Hred and Hg
denote the magnetic field normalized by the g-factor and the normalized critical field corresponding to the transition field at T = 0 K,
respectively.5, 6 The thick gray line denotes the phase boundary (guide for the eyes). The transition points obtained in the specific-heat
measurements5 are also plotted.
netic torque appears, corresponds to the critical field Hc
determined in the high-field magnetization processes,4
the rapid increase observed in the present experiments
is due to the appearance of the magnetization by the
vanishing of the spin gap. Because this system under-
goes the field-induced magnetic ordering at low temper-
ature above the critical field Hc,
5 it can be expected that
the magnetic torque τ shows the anomaly at the transi-
tion field HN. The insets of Fig. 2 show the second-field
derivatives of magnetic torque d2τ/dH2 at various tem-
peratures in IPACuCl3. As shown in the insets of Fig.
2, the sharp anomaly indicative of the phase transition
can be clearly seen. Such anomaly has been also observed
for the field-induced magnetic ordering in other spin gap
systems.1, 11, 12 We assign the fields at which the second-
field derivative of magnetic torque d2τ/dH2 shows the
sharp peak to the transition field HN(T ). The obtained
transition fields HN(T ) for H ⊥ A-, B- and C-planes are
plotted in the phase diagram, as shown in Fig. 2 (d). We
can see that the obtained transition fields HN(T ) corre-
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Fig. 3. Representative profiles of temperature dependence of the magnetic torque τ in IPACuCl3 at various magnetic fields for H ⊥
(a) A-plane, (b) B-plane, (c) C-plane, respectively. The absolute value is plotted for clearer comparison because the induced magnetic
torque τ is negative for H ⊥ C-plane. The inset of Fig. 3 (a) shows the enlarged profile of temperature dependence of the magnetic
torque τ at H = 11.5 T for H ⊥ A-plane in IPACuCl3. TN denotes the transition temperature for the field-induced magnetic ordering
determined from the phase boundary as shown in Fig. 2 (d).
spond well to the transition points of the field-induced
magnetic ordering obtained in the specific heat measure-
ments5 when HN(T ) is normalized by the g-factor. From
these results, we conclude that the field-induced mag-
netic ordering in IPACuCl3 can be detected by means of
the present magnetic torque measurements.
As shown in Fig. 2 (a), (b) and (c), it can be seen
in high magnetic fields well above the critical field Hc
that the magnetic torque τ decreases with decreasing
temperature and becomes independent on the temper-
ature for both H ⊥ A- and B-planes, while, shows the
minimum at T = 4.5 K after decreasing, and then re-
increases with decreasing temperature for H ⊥ C-plane.
To show these behaviors more clearly, we re-plot the ob-
tained field dependence of the magnetic torque τ at var-
ious temperatures as the temperature dependence of the
magnetic torque τ at various magnetic fields, as shown
in Fig. 3. First, the magnetic torque τ decreases with de-
creasing temperature due to the development of the anti-
ferromagnetic correlations associated with the formation
of the spin gap for all directions. After that, the mag-
netic torque τ shows the cusp-like minimum, and then
re-increases for H ⊥ C-plane. This behavior is typical of
the BEC of magnons, in which the magnetization shows
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the cusp-like minimum at the transition temperature in
the temperature dependence, as observed in some spin
gap systems.1, 11, 13, 14 The arrows in Fig. 3 (c) denote
the transition temperature obtained from the phase di-
agram determined above as shown in Fig. 2 (d). It can
be seen that the temperature where the magnetic torque
τ shows the cusp-like minimum corresponds well to the
obtained transition temperature. From these results, we
can conclude that the field-induced magnetic ordering
for H ⊥ C-plane in IPACuCl3 is described by the BEC
of magnons. For H ⊥ A-plane, as shown in Fig. 3 (a),
the magnetic torque τ shows the minimum after decreas-
ing and then becomes almost independent on tempera-
ture with the kink anomaly upon decreasing tempera-
ture. The arrows in Fig. 3 (a) also denote the transi-
tion temperature obtained from the phase diagram. We
can see that the transition temperature obtained from
the phase diagram does not correspond to the tempera-
ture at which the magnetic torque τ shows the minimum
but to the temperature at which the magnetic torque τ
shows the kink anomaly, differently from H ⊥ C-plane.
The same behavior has been observed in the temperature
dependence of the magnetization for the magnetic field
applied perpendicular to the easy-plane-type single-ion
anisotropy vector D in S = 1 quasi-one-dimensional an-
tiferromagnet NDMAP.15 For H ⊥ B-plane as shown in
Fig. 3 (b), it can be seen that the magnetization decreases
and becomes almost independent on temperature upon
decreasing temperature. Because the magnetic torque τ
for H ⊥ B-plane was measured down to T = 1.6 K in
the present experiments, the measurements at lower tem-
perature are needed in order to investigate the behavior
of the magnetic torque τ below TN for H ⊥ B-plane, as
performed for H ⊥ A- and C-planes.
As mentioned in Introduction, it is theoretically sug-
gested that the Hamiltonian of systems is required to be
rotationally invariant about the direction of the applied
magnetic field to undergo the BEC of magnons1 so that
the magnetic field should be applied parallel to the easy-
plane-type single-ion anisotropy vector D, if exists, in or-
der to observe the BEC of magnons in the field-induced
magnetic ordered phase of spin gap systems. Because,
there is the easy-axis-type fictitious single ion anisotropy
D∗ perpendicular to the B-plane in IPACuCl3, the BEC
of magnons should not be observed in IPACuCl3 from the
theoretical suggestion. In order to understand the exper-
imental observation of the BEC of magnons, we expect
that the direction perpendicular to the A-plane is the
second-easy-axis so that C-plane can be regarded as the
quasi-easy-plane. In this situation, the BEC of magnons
can be only observed in IPACuCl3 when the magnetic
field is applied perpendicular to the C-plane because the
system retains rotational invariance, as observed in the
present experiments. While, for H ⊥ A-plane, this sys-
tem has rotational invariance no longer so that this sys-
tem does not undergo the BEC of magnons, and we can
understand why we observed the same temperature de-
pendence as that observed in NDMAP for the magnetic
field applied in the easy-plane. Also, for H ⊥ B-plane,
we expect that the rotational invariance is broken so that
the BEC of magnons is not observed. Actually, the rapid
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Fig. 4. Representative profiles of magnetic field dependence of
the magnetic torque τ in IPACuCl3 at various directions of the
applied magnetic field in the A-plane. θ denotes the angle be-
tween the applied magnetic field and the direction perpendicular
to the C-plane, as shown in the picture in this figure. The inset
shows the enlarged profile of magnetic field dependence of the
magnetic torque τ in IPACuCl3 at θ = 96◦.
re-increase of the magnetic torque τ was not observed be-
low TN though the measurements were carried out down
to T = 1.6 K for H ⊥ B-plane in the present experi-
ments. To our best knowledge, this result, namely the
BEC of magnons is only observed for a specific direction
of applied magnetic field, is the first experimental evi-
dence of breaking of the magnon BEC picture due to the
rotational symmetry breaking.
Figure 4 shows the representative profiles of the mag-
netic field dependence of the magnetic torque τ in
IPACuCl3 at various angles of the applied magnetic field
in the A-plane for T = 0.45 K. As shown in Fig. 4, the
increasing of magnetic torque changes depending on the
angle of the applied magnetic field, and the magnetic
torque τ seems to retain almost zero at θ = 96◦, result-
ing that there is an easy-axis in the vicinity of this angle.
Note that the angle is not the easy-axis exactly because
the magnetic torque τ projected to the rotation axis of
moving electrode, i.e. the direction perpendicular to the
A-plane, can be only detected for each directions of ap-
plied magnetic field. By enlarging the data, the anoma-
lous behavior clearly appears as shown in the inset of Fig.
4, namely the magnetic torque τ shows the minimum at
Ha = 11.3 T and then changes to increase after the rapid
decrease due to the closing of the spin gap at Hc = 10.1
T with increasing magnetic field. Such behavior has been
also observed at the magnetic field where the spin-flop
transition occurs in magnetic torque measurements of
other magnetic systems16, 17 so that this may indicate the
existence of the spin-flop transition in the magnetic field
applied parallel to the easy-axis. The angle θ = 96◦ of
the applied magnetic field is almost perpendicular to the
B-plane, namely parallel to the easy-axis-type fictitious
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single ion anisotropy D∗ so that the spin-flop transition
may occur when the ordered moments align parallel to
D∗. The fact that the difference of magnitudes between
Ha and Hc is comparable with the D
∗ = −0.24 ∼ −0.48
T6, 7 may also support that the anomaly at Ha can be
interpreted as the spin-flop transition.
On the other hand, the additional phase transition
in the field-induced ordered phase has been observed
in NDMAP and discussed in terms of the spin-rotation
transition or commensurate-incommensurate transi-
tion.18 Theoretically, Miyazaki et al. has demonstrated
the spin-reorientation transition in the S = 1 quasi-1D
antiferromagnet with large easy-plane anisotropy when
the magnetic field is applied at the intermediate angle,
namely neither parallel nor perpendicular to the mag-
netic anisotropy axes.19 It was interpreted that this tran-
sition is caused by the competition between the prop-
erty of ordered moments that the field-induced staggered
magnetization is already perpendicular to the applied
magnetic field and the magnetic anisotropy, such as the
single-ion anisotropyD as well as the in-plane anisotropy
E. The anomaly at Ha was not observed in H ⊥ B-plane
though the measurements were carried out only above
T = 1.6 K, as shown in Fig. 2 (b) so that the anomaly at
Ha may indicate the spin-reorientation transition, rather
than the spin-flop transition because the anomaly at Ha
was observed at the intermediate angle θ = 96◦, not
H ⊥ B-plane. However, the theory also predicts that the
spin-reorientation transition occurs in a certain finite re-
gion of the angle and the magnitude of the critical field
depends on the angle. In the present experiments, no
anomaly at Ha was observed at other angles though we
measured at an interval of 15◦ of angle. Furthermore, no
hysteresis indicative of the coexistence of ordered phases
was observed though the theory predicts that the spin-
reorientation transition is of the first-order.
The observed anomaly at Ha in the present experi-
ments have not been reported in the previous high-field
experiments, such as the high-field magnetization pro-
cesses4 and the specific heat measurements.5 This may
because the previous measurements were performed only
in the applied magnetic fields perpendicular to A-, B-
and C-plane. We expect that the anomaly will be also
detected when the magnetic field is applied at the inter-
mediate angles.
As the other possibility, the consideration of the mag-
netostriction through the spin-lattice correlations may
be also needed in order to understand the observed new
anomaly. When the magnetostriction is induced by ap-
pearing of the magnetization due to the vanishing of
the spin gap, the structural deformations induced by the
magnetostriction may cause the changes of the fictitious
single ion anisotropy D∗ and the anisotropy of the g-
tensor so that the magnetic torque shows the variation
or anomaly. In fact, such magnetostriction has been ob-
served in the field-induced magnetic ordered phase of
some spin gap systems20–24 and the importance of the
spin-lattice correlations has been discussed. In order to
investigate the existence, we performed the magnetostric-
tion measurements for high magnetic fields in IPACuCl3
and will discuss in the next subsection.
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Fig. 6. Magnetostriction ∆L/L perpendicular to the A- and B-
plane for H ⊥ C-plane at T = 4.0 K in IPACuCl3.
3.2 Magnetostriction Measurements
Figure 5 (a) and (b) show the magnetostriction ∆L/L
perpendicular to the B-plane for H ⊥ A- and C-planes
at various temperatures in IPACuCl3, respectively. As
shown in Fig. 5, the magnetostriction appears above the
critical field Hc and increases with increasing magnetic
field, and the critical field Hc decreases with increasing
temperature. This behavior is similar to the field depen-
dence of the magnetization4 and the magnetic torque, as
shown in Fig. 2, namely indicates that the magnetostric-
tion is induced by emergence of the magnetization due
to the vanishing of the spin gap through the spin-lattice
correlations in IPACuCl3.
Figure 6 shows the magnetostriction ∆L/L perpendic-
ular to the B- and A-plane as a function of the applied
external magnetic field of H ⊥ C-plane at T = 4.0 K
in IPACuCl3. As shown in Fig. 6, ∆L/L perpendicular
to the B-plane increases, while ∆L/L perpendicular to
the A-plane decreases with increasing the magnetic field.
The changed value of |∆L/L| in the direction perpendic-
ular to the A-plane is four times as large as the case in
the direction perpendicular to the B-plane.
Considering the spatial relation between the crystal
grown surfaces (A-, B- and C-plane) and the crystal
structure, i.e., the c- and b∗-axes are perpendicular to
the A- and C-planes, respectively, and the a-axis make
an angle of ∼ 10◦ in the C-plane with the direction per-
pendicular to the B-plane,8, 9 the crystal lattice seems
to expand to the direction of a-axis so that this distor-
tion corresponds to the increase of the length between
rungs of the ladder along the a-axis. Detailed diffraction
measurements are needed in order to investigate and de-
termine the variations of the crystal structure in high
magnetic fields and we can expect that the spin-lattice
correlations are discussed through the variations of the
crystal structure in more details.
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Fig. 5. Magnetostriction ∆L/L perpendicular to the B-plane for H ⊥ (a) A-plane and (c) C-plane at various temperatures in IPACuCl3.
Hc denotes the critical field corresponding to the spin gap.4
4. Conclusion
We have presented the results of the high-field mag-
netic torque measurements in the spin gap system
(CH3)2CHNH3CuCl3. The rapid increase of the mag-
netic torque τ above the critical field indicative of the
field-induced magnetic transition due to the closing of
the spin gap was clearly observed, as shown in Fig.
2. From the temperature dependence of the magnetic
torque τ , the cusp-like minimum which is characteris-
tic of the Bose-Einstein condensation of magnons was
observed for H ⊥ C-plane, while we observed the kink-
anomaly for H ⊥ A-plane, as shown in Fig. 3. It was
found that this different behavior between H ⊥ A-plane
and H ⊥ C-plane can be understood by considering that
the C-plane is regarded as the quasi-easy-plane and is the
first experimental evidence of breaking of the magnon
BEC picture due to the rotational symmetry breaking
to our best knowledge. Also, the additional anomaly was
observed in the field-induced magnetic ordered phase at
the intermediate angle of the applied magnetic field in
the A-plane, as shown in Fig. 4 and discussed in terms of
the spin-flop transition, the spin-reorientation transition
and the spin-lattice correlations. In fact, we performed
the magnetostriction measurements and observed that
the magnetostriction emerges rapidly by closing of the
spin gap, which indicates the existence of the spin-lattice
correlations in IPACuCl3, as shown in Figs. 5 and 6.
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